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A narrative review of the literature was conducted to determine if the administration of methylene blue (MB) in humans has potential
risks. Studies were identified from MEDLINE, Web of Science, Scopus, and Cochrane. MB is a diagnostic substance used during some
diagnostic procedures and also a part of the treatment of several diseases including methemoglobinemia, vasoplegic syndrome,
fosfamide-induced encephalopathy, and cyanide intoxication, and the detection of leaks or position of parathyroid corpuscles during
surgery. Although the use of MB is historically justified, and it ought to be safe, because it originated as a diagnostic material, the basic
toxicological characteristics of this substance are unknown. Despite reports of severe adverse effects of MB, which could significantly
exceed any possible benefits evaluated for the given indication. Therefore, the clinical use of MB currently represents a controversial
problem given the heterogeneity of available data and the lack of preclinical data. This is in conflict with standards of safe use of such
substances in human medicinal practice. The toxic effects of the application of MB are dose-dependent and include serious symptoms
such as hemolysis, methemoglobinemia, nausea and vomitus, chest pain, dyspnoea, and hypertension. Some countries regard MB
as harmful because of the resulting skin irritation and triggering of an adverse inflammatory response. MB induced serotoninergic
toxicity clinically manifests as neuromuscular hyperactivity. This review aims to summarize the current understanding concerning the
indications for MB administration and define the potential adverse effects of MB.
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Introduction
Methylthioninium chloride, formally called methylene blue (MB),
is an organic thiazine type compound with a dark blue-green
color, crystalline structure and is markedly lipophilic. This sub-
stance was synthetically prepared for the textile manufacturer
Heinrich Caro in 1876. Clinical practice and laboratory use of MB
began only 14 years later.1

Molecular structure (Fig. 1) and physical and chemical proper-
ties define the pharmacokinetic profile of a substance. Within the
physiological range of the gastric acidity (pH), MB is completely
ionized.2 Its bioavailability upon oral administration is 53–97%,3

with plasma concentration peaking after 30–60 min2–4 and a
distribution volume value of 20 mL/kg.2,5 This substance exhibits
extracellular compartment kinetics with a terminal plasma half-
life of 5–6 h.4 Differences in organ distribution of MB are mainly
responsible for the different pharmacokinetics after oral and
intravenose (i.v.) administration. The principal sites of biotrans-
formation are erythrocytes and peripheral tissues, where 65–85%
of MB is metabolized to leucomethylthioninium chloride (leu-
comethylene blue), which is primarily eliminated by the kidneys
and partly in the bile, along with the unmetabolized fraction,
which gives urine and bile their characteristic colors.6

At the molecular level, MB has a broad range of mechanisms of
action such as inhibition of the soluble guanyl cyclase, scavenging
of nitric oxide (NO), and the modulation of the NO–cyclic guano-
sine monophosphate signaling pathway.7 The biological effects

are further enhanced by the synthesis of superoxide that interact
with NO. This complex mode of action enables MB to dramatically
reduce the concentration of a significant vasoactive intracellular
factor. In addition to this principal biological target, it acts as a co-
factor for (NADPH)-dependent methemoglobin reductase result-
ing in the formation of reduced methylthioninium chloride, which
acts as an electron donor to reduce Fe3+ back to Fe2+.8 Deyes
in general needs to be removed from nature due to their toxic
effect.9 Adsorptive removal of MB from synthetic water, using raw
and acid-modified eucalyptus leaves.10,11 MB removal through the
process of adsorption has been a very popular study. Advantages
and disadvantages of adsorbents, favorable conditions for partic-
ular adsorbate–adsorbent systems, and adsorption capacities of
various low-cost adsorbents and commercial activated carbons
as available in the literature are presented.12–16

We are here to present the usefulness of MB.

Pharmacological use of MB
MB is widely used in various fields, including biology, chem-
istry, and particularly medicine. Although many studies and case
reports describe effective MB use, there are currently no precise
guidelines concerning its safe use. One example is the use of MB
in vasoplegic syndrome therapy, where this molecule has been
applied for over 20 years without a clearly defined pharmaco-
toxicological frame of reference.17
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Fig. 1. MB molecular structure and its biotransformation to metabolite leucomethylene blue (MB is reduced to leucomethylene blue by
methemoglobin reductases in erythrocytes) (pubchem.ncbi.nlm.nih.gov/compound/methylene_blue).

MB and vasoplegic syndrome
The vasodilatative shock secondary to cardiopulmonary bypass,
characterized by low systemic vascular resistance with severe
hypotension, tachycardia, normal or increased cardiac output
and reduced pulmonary pressures is described as vasoplegic syn-
drome18 or low systemic vascular resistance syndrome.19 It is
generally understood that this situation develops secondary to
an inflammatory response initiated by extracorporeal blood cir-
culation and is practically indistinguishable from septic shock,20

where NO is produced and then released with a vasodilatative
effect. This is a severe complication that would lead to the devel-
opment of multiple organ failure unless adequate therapy is
provided. In addition to the indicated inotropic medication, it is
possible to administer so-called adjuvant medication, including
vasopressin as well as MB,21 which inhibits the effects of de novo
synthesized NO. The required hemodynamic effect was reached
after the infusion of 1% MB, 2 mg/kg, over 30 min and a second
dose is given 22 h later.22

MB and methemoglobinemia
Methemoglobinemia induced by drug intoxication or other sub-
stances including cyanide, cocaine, carbon monoxide, leading
to cyanosis, and/or unexplained low-oxygen saturation repre-
sents a significant patient risk of tissue hypoxia. Should the
total methemoglobin concentration exceed 10%,23 oxygen therapy
application is deemed insufficient and aggressive management
via MB medication commences.8 The corresponding mechanism
of action substantiates the use of MB, in this case leading to a
rapid reduction of ferric state (Fe3+) methemoglobin to ferrous
state (Fe2+) hemoglobin leading to improvement of binging oxygen
followed by reducing tissues hypoxia. Therefore, MB represents
a rapidly effective antidote of choice for symptomatic methe-
moglobinemia.24

MB and neuroprotection
MB has enabled of influence mitochondrial energetic metabolism
in the absence of oxygen.25 The mechanism potentiates sustained
or increased adenosine triphosphate (ATP) production, thereby
supporting cell survival.26 Ongoing studies are trying to identify
a molecule that would act neuroprotectively via an antioxidant
mechanism for the treatment of various acute and chronic neuro-
logical disorders. Currently, there are no antioxidants that would
radically slow down the progression of neurodegenerative dis-
eases.27–30 Preclinical tests have proven the protective effects of
MB on cells in a pathophysiologic model of stroke, Parkinson’s
disease, and optic neuropathy.31,32 Other studies present similar
results from in vivo and in vitro studies.33–36 MB also appears to
be potentially useful for Alzheimer’s disease therapy, where the
benefit is provided from its antioxidative activity, facilitation of

neurofibrillary tangles (tau proteins accumulations) degradation
and clearance, promotion of autophagy, and reduction amylod
plaques by positive influence on of β – amyloid protein levels.37

The promising results from many studies support the hypothesis
that MB and its derivatives could provide adequate efficacy in the
therapy of diseases with etiopathogenesis dependent on caspase
activation. MB has advanced to a phase 3 neuroprotection clinical
study, concretely focused on Alzheimer’s Disease.38

MB and cardiovascular conditions
MB reduces cyclic guanosine monophosphate (cGMP) concentra-
tion via guanylate cyclase inhibition (which causes relaxation
of smooth muscle tissue of the vasculature) and thus has a
vasoconstrictive effect.39 Along with its ability to counteract the
effect of NO, the complex image of MB action22,40–42 is completed
by mentioning its involvement in vasodilatation after an over-
dose of calcium channel blockers43 or beta blockers.44 Patients
who do not respond sufficiently to standard treatment have the
highest risks of developing this side effect owing to the chronic
application of extremely high doses of calcium channel blockers
or beta blockers.42,45 MB-induced improvement of a hypotension
state secondary to a vasodilatatory shock was described in cases
of amlodipine42,46 or quetiapine44 intoxications and also as the
result of an inappropriate combination of metformin and an
angiotensin-converting-enzyme (ACE) inhibitor.47

MB and surgical intervention
MB is markedly lipophilic. This physico-chemical property allows
its easy and rapid biodistribution across cell membranes and
enables the temporary accumulation of MB inside cells. Direct
application to mucosa for tissue visualization represents an
everyday MB use in endoscopic diagnostics.48–50 Intravenously
administered MB will accumulate selectively in the parathyroid
glands, which simplifies identification of these structures during
surgical intervention.51 This rather simple but exact method is
also used to visualize other pathologically changed tissues by
applying MB immediately before the given intervention. Addition-
ally, MB is used to diagnose intragastric balloon rupture in patients
undergoing endoscopic treatment of morbid obesity or for the
detection of leaks following various surgical interventions.52

MB and septic shock
Critical care includes the management of potentially life-
threatening disorders, mainly affecting vital organ functions. The
most important syndrome treated in intensive care units is sepsis
and septic shock. Sepsis is defined as a dysregulated systemic
inflammatory response to infection. Septic shock is characterized
by vasoplegia requiring the use of vasopressors (norepinephrine)
to maintain adequate organ perfusion pressure.53 The supposed
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beneficial effect of MB is a decrease in smooth muscle relaxation
by inhibition of NO production by inducible NO synthase
(iNO). Moreover, MB directly reduces downstream activation of
guanylate cyclase, an enzyme activated by NO.

To date, only 2 small and relatively old clinical randomized
studies addressed the issue. Kirov et al.54 included 20 patients
with septic shock. Increased systemic vascular resistance
measured as mean arterial pressure (MAP) in response to MB
administration (i.v. bolus 2 mg/kg, followed by 0.25–2 mg/kg
per hour for 24 h) compared to controls was observed. They
also found a reduced dose of norepinephrine, epinephrine,
and dobutamine, 87%, 81%, and 40%, respectively. Although
statistically insignificant, the 28th-day survival in the MB group
was 50% and 30% in the control group. No adverse effect was
observed. Memis et al.55 (n = 30) randomized into MB (0.5 mg/kg
per hour) and control group (isotonic saline). The main aim was
to determine plasma cytokine levels. However, they also observed
significant increases in MAP in the study group without adverse
effects.

The use of non-selective NO inhibition in the treatment of vaso-
plegia in critical care (i.e. L-arginine analogs) remains a matter
of debate due to the possible adverse effects such as increased
pulmonary vascular resistance and myocardial depression. A low-
dose infusion rate might positively affect the risks.52 MB as a low-
cost selective iNOS inhibitor might seem to be a reasonable alter-
native to standard therapy of vasoplegia in both septic and non-
septic vasoplegic distributive shock states. However, its definitive
role is yet to be determined by further research.

MB an COVID-19
Coronavirus disease 2019 (COVID-19) is a severe worldwide
pandemic increasing morbidity and mortality. Causal therapy
is currently still lacking. The rationale for using MB in COVID-
19 patients is based on antiviral activity inhibiting viral spike
protein–ACE2 protein interaction,56 direct inhibitory effects on
iNO synthase (reducing the generation of reactive nitrogen
species), and guanylate cyclase enzyme.40 Moreover, MB acts
as a potent oxygen superoxide scavenger,57 prevents ROS
production by inhibiting xanthine oxidase,58 and decreases
platelet activation, adhesion, and aggregation.59

In a recent randomized controlled trial, phase II, Hamidi-
Alamdari et al.60 randomly allocated 80 patients into 2 groups
(Hammidi-Alamdari). MB was administered p.o. (1 mg/kg per
8 h for 2 days, then 1 mg/kg per 12 h for following 12 days)
along with vitamin C, dextrose, and N-acetyl cysteine. The
authors observed statistically significantly better oxygenation
(pulse oximetry) in study group 3rd and 5th day of therapy
(P < 0.001, and P = 0.01, respectively). Moreover, the MB group
had a significantly lower respiratory rate, shortened hospital stay,
and non-significantly improved 28th-day survival. The adverse
effects of MB administration were rare, including vomiting (n = 1)
and light headache (n = 1). No changes in consciousness, blood
pressure, or dyspnea were observed. The authors proposed a
reduced (colorless) form of MB as a promising, supplementary
treatment of refractory hypoxemia in severe COVID-19 patients,
which might also positively affect outcomes (Hammidi-Alamdari).
A large multicenter randomized trial is, however still warranted.

MB adverse effects
The dose of MB varies significantly depending on the indication
from 1 to 300 mg/kg daily dose. The toxic effects of the
application of this substance are dose-dependent61,62 and include

serious symptoms such as hemolysis, paradoxic methemoglobine-
mia, nausea and vomitus, chest pain, dyspnoea, and hypertension.
These adverse effects will manifest at doses exceeding 2–
7 mg/kg.63,64 Moreover, refractory hypotension and skin discol-
oration were documented upon administration of 20–80 mg/kg.3

Currently, there are only a few contraindication criteria.65 One
is glucose-6-phosphate dehydrogenase (G6PD) deficiency, where
depletion of this enzyme in patients inhibits biotransformation of
MB to leucomethylthioninium chloride, which the organism can
eliminate. Thus, NADPH reductase deficiency concomitant with
MB medication represents a significant risk of toxicity develop-
ment.66,67

Preclinical pharmacokinetic studies on rodents have proven
accumulation of MB in the central nervous system following
intravenous administration.4 In the last few years, clinical evi-
dence has suggested that MB infusion during parathyroidectomy
(5–10 mg/kg) causes protracted disorientation in the postoperative
period.68–75 These findings correlate with Nadler who already
described data on vertigo, headache, tremor, and confusion
accompanying the use of similar doses of MB.76

Serotonin syndrome as a consequence of MB use
MB has long been considered an inert dye, but its use in clinical
practice has shown otherwise. MB is a reversible monoaminoxi-
dase (MAO) inhibitor with a strong preference for the subtype A
group.77 Even a nanomolar quantity suffices to influence MAO-
A function. The amount quoted in the literature as able to elicit a
clinically relevant response is less than 1 mg/kg MB.78 Recent data
show that intravenous administration of 0.75 mg/kg MB leads to a
plasmatic concentration of 500 ng/ml (1.6 μM), which, considering
the lipophilic character of this substance, represents a sufficiently
high concentration in the CNS leading to a substantial risk of
MAO-A inhibition and a marked increase of intrasynaptic sero-
tonin in the brain.79 For this reason, MB may lead to severe side
effects, particularly in the case of concomitant administration of
serotoninergic substances, serotonin reuptake inhibitors (SSRIs)
or serotonin norepinephrine reuptake inhibitors (SNRIs).80

Methylthioninium chloride-induced serotoninergic toxicity
clinically manifests as neuromuscular hyperactivity (tremor,
myoclonus, and hyperreflection), and in an advanced stage as
pyramidal rigidity and autonomous hyperactivity (diaphoresis,
fever, tachycardia, tachypnea, mydriasis). Also, the mental state
can be altered and the patient can feel agitated and excited.
These symptoms are summarily described as the serotonin
syndrome. Several deaths have been reported after a single
concomitant administration of a MAO inhibitor and a SSRI
category substance.81–83 The number of deaths attributed to
this concomitant administration is likely higher than reported
because substances influencing neuronal serotonin level are
widely used medications. Presently, MB is in use all over the world,
even for indications other than visualization of the parathyroid
corpuscles during surgical intervention and methemoglobinemia
treatment (Table 1).

MB – induced cellular apoptosis and necrosis
MB increases inflammatory activity via the production of free
oxygen radicals. This ability of inflammatory processes along with
NO-induced vasodilatation, may result in a local toxic effect.84,85

The cellular apoptosis rate in the compromised area depends
on the exposition time and initiation dose.86 Nevertheless, cases
were reported of skin necrosis following an intravenous applica-
tion of only 1% MB solution87 or of submucosal ulceration and
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Table 1. Clinical indications of MB and initiation of serotonin toxicitya.

Clinical indication Methylene blue dose Serotonin toxicity

Methemoglobinemias 1–2 mg/kg i.v.2 No
Ifosfamide-induced encephalopathy 50 mg iv every 4 h until symptoms resolve Yes
Treatment of vasoplegic syndrome 2 mg/ kg i.v.2 No
Parathyroid imaging 3–7.5 mg/kg i.v.2 Yes
Treatment of malaria 10 mg/kg twice a day orally for 3 days No
Colonic diagnostic staining 200 mg single oral dose No
Treatment of post-traumatic stress syndrome 260 mg orally for 6 days No

aAdapted from Top, 20142 i.v.

necrosis of the colon secondary to MB use in laparoscopic colorec-
tal surgery.88 The development of cellular apoptosis falls within 2
h of MB administration, with a peak at 60 min.89

Local complications of MB contact are described as infection
(5%), skin necrosis (1.25%), and skin hypersensitivity (.5%) based
on the total number of monitored patients (n = 398).90 Zakaria
describes an incidence of local inflammatory infiltration after
application of MB diluted to a 1:7 ratio.91

Hemodynamic effect of methylene blue
The correlation between MB application and its influence of
coagulation factors92 is based on its inhibitory activity of the
NO/c-GMP signaling pathway, which mediates the activation93

and aggregation94 of thrombocytes and endothelial platelet adhe-
sion. Thus, MB seems to have a pro-coagulation activity. Some
literature sources explain these effects as result of the influenc-
ing of the tromboxan A2 production95 and endothelial prosta-
cycline I2 activity.96 However, neither the relationship between
inhibition of NO/cGMP signaling and inhibition of production of
eicosanoids is currently clearly explained. Because tromboxan
A2 (vasoconstriction and stimulation of platelet activation and
aggregation) and prostacycline I2 (vasodilation and inhibition of
platelet activation and aggregation) generally exert their action in
an opposite manner, and the net effect of the inhibition of produc-
tion of these eicosanoids is difficult to understand. For a patient
within this paradigm, the risk consists namely in the possibility
of the development of a thromboembolic complication, which is
amplified by other factors such as an unsuitable combination
of medications, obesity, insulin non-dependent diabetes mellitus,
cancer, concurrent cardiovascular disease, or surgical procedure.

The controversy of methylene blue use in
clinical practice
MB is the first phenothiazine type of chemical structure com-
monly used as a diagnostic and therapeutic substance for hered-
itary and toxonutritive methemoglobinemia. In these cases, MB
is often the drug of choice.24 However, there is a significant
risk of the methemoglobinemia being induced by MB when it
is administered at high doses or at standard doses to patients
with renal insufficiency or G6PD deficit, or to pregnant females.97

Genotypization of patients is typically not performed in clinical
practice, although this marked risk may be associated with enzy-
matic depletion.

Pregnancy represents a relative contraindication of MB as it
influences the production of NO in the placenta and fetus increas-
ing risk of global or regional fetal hypoxia. On the other hand, MB
administration is chosen for cases of neonatal refractory hypoten-
sion.98 Even with this justified application, it is still necessary

to consider the risk of a subsequent development of hemolytical
anemia or hyperbilirubinemia in the newborn.3

The US Food and Drug Administration (FDA) also regulates the
use of MB for other indications such as vasoplegic syndrome,
ifosfamide-induced encephalopathy, and cyanide intoxication.80

The use of MB for vasoplegic syndrome is still indicated despite
the significant heterogeneity of clinical outcomes associated with
the use of methylthioninium chloride for this purpose. Weiner
et al.99 reported that patients with vasoplegic syndrome treated
with MB as a pharmacological rescue treatment exhibited higher
postoperative morbidity and mortality. Despite this observation,
the authors of this study point at the lack of toxicology data and
recommend a strict review of the risk/benefit ratio prior to MB
application, even in cases when it is not a first-choice medication.

This situation is further complicated by the fact that MB has a
negative impact on arterial oxygenation.17 The hypothesis regard-
ing this phenomenon is based on the inhibition of NO-dependent
vasodilatation in the systemic and pulmonary compartments and
the potentiation of the vasoconstrictive effect of epinephrine.

Perioperative staining of the parathyroid glands by intra-
venously administered MB is presently supported by well-
described methodology with documented efficacy, accuracy,
simplicity, and safety of this application. Despite that, there is
a rather large amount of data documenting postoperative neuro-
logical toxicity correlated with the administration of the described
substance.100

In the past, the intrathecal application of MB used to be a
common diagnostic procedure for cerebral ventricle visualization
and the diagnosis of the cause of nosebleeds (rhinorrhea). This
method has been abandoned because of an association between
the administration of MB and the development of persistent
cauda equina dysfunction or even a paraplegia lasting several
hours.101,102 Support for these observations was also provided by
of Nadler in which healthy volunteers received 500 mg MB par-
enterally, followed by the appearance of prominent confusion for
several hours.76 The results of this study correspond with many
others documenting MB-dependent encephalopathies associated
with bolus MB doses or chronic SSRI medication.68–75 However,
these pathologies were not observed in patients treated with low
MB doses.

A dependency between the dose and biological effect is dis-
cernible even regarding the induction of cellular death, which is
very likely responsible for the neurological symptoms caused by
MB.89

The risk of serotonin syndrome occurrence due to concomitant
dosing of MB and SSRI, a representative group of common antide-
pressive medications, is probably the most important threat influ-
encing the use of MB in clinical practice. Up to a several weeklong
wash-out period is recommended in these patients to eliminate
the risk of serotonin elevation in the CNS and allow the safe
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use of MB. On the contrary, clinical data are available describing
the antidepressive action of MB based on its ability to inhibit
monoaminoxidase A, which plays a key role in the prevention of
fosfamide encephalopathy.77

Conclusion
MB is a substance commonly used in diagnostic procedures
and also for the treatment of several diseases such as methe-
moglobinemia, vasoplegic syndrome, fosfamide-induced ence-
phalopathy, cyanide intoxication, and the detection of postsur-
gical leaks or position of parathyroid corpuscles during surgery.
The maximum cumulative dose during a therapeutic cycle for
methemoglobinemia is 7 mg/kg. However, applications of high
doses or even recommended doses in certain patients are fraught
with the risk of severe adverse events with undefined persistence
and chronicity. The US FDA has issued a safety warning regarding
the association of MB with the origin of severe neurological
complications with not yet precisely known mechanisms of
action. Based on the facts summarized herein, it is obvious
that the clinical use of MB represents a rather controversial
problem given the heterogeneity of available data and the lack
of preclinical data, which is in conflict with standards of safe use
of such substances in human medicinal practice.
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